Despite its great success, the Standard Model of the elementary particles leaves out the gravitational interaction. It is surprising that virtually all beyond-the-Standard-Model theories that try to quantize the gravity predict the existence of a minimal length. In a quantical approach a minimal-length scenario can be accomplished by imposing a non-zero minimal uncertainty in the measurement of position. One of the most widely problem studied in quantum mechanics is of an infinite square-well potential. In a minimal-length scenario its study requires additional care because the boundary conditions at the walls of the well are not well fixed. In order to avoid this, in this work, we solve the finite square-well potential whose the boundary conditions are well fixed, even in a minimal-length scenario, and then we take the limit of the potential going to infinity to find the eigenfunctions and the energy equation for the infinite square-well potential. Although the first correction for the energy eigenvalues is the same one has found in the literature, our result for the eigenfunctions is in disagreement with. That is because in the * julio.fabris@cosmo-ufes.org † jose.nogueira@ufes.br literature the authors have neglected the hyperbolic solutions and have assumed the discontinuity of the first derivative of the eigenfunctions at the walls of the infinite square-well which is not correct.
Introduction
The Standard Model of the elementary particles is one of the greatest achievements of the human intellect, it is the most successful theory in describing the high-energy physics. Despite its huge sucess and reliability, which was broaden with the experimental evidences of the existence of the Higgs boson at LHC (Large Hadron Collider -CERN) [1, 2] , in 2012, the Standard Model is not a final theory, because in it there are theoretical problems (fine-tuning problem), aesthetical problems and, mainly, because the Standard Model leaves out the gravitational interaction. There are several proposals of beyond-Standard-Model theories which try incorporate the gravity. Although most of them leads to existence of a minimal length [3, 4, 5] , that is, the existence of a length scale in which the sense of distance loses its meaning, experimental evidences of its actual existence are very difficult to be accomplished. If the value of the minimal length is of order of the Planck scale, 10 −35 m, the implemention of experiments which confirm its existence may be very far from the current technologies. However, extra dimensions theories suggest that the scale of that minimal length can be many magnitudes greater than the Planck scale [6, 7, 8, 9] .
A minimal-length scenario can be accomplished in quantum theory by imposing a nonzero minimal uncertainty in the measurement of position which leads to generalized uncertainty principle (GUP). There are different suggestions of modification of the Heisenberg uncertainty principle (HUP) which implement a minimal-length scenario [10, 11, 12, 13] . We concern with the most usual of them, proposed by Kempf [10, 14] , which in a 1dimensional space is given by
where β is a parameter related to the minimal length. The GUP (1) implies the existence of a non-zero minimal uncertainty in the position ∆x min = √ β. To this generalization of the HUP corresponds to a modification in the canonical commutation relations given by [x,p] := i 1 + βp 2 .
In this work, we concern with the finite and the infinite square-well potentials. As it is well-known, these potentials as well as the step and the barrier potentials, whose values suffer jumps at specific positions are idealizations of smooth potentials which have their values changing very quickly 1 . In a minimal-length scenario, it is natural to assume that this very fast change occurs in a very small region where we can not have any access, so in a region smaller than the minimal length. Consequently, it seems reasonable to us assume that such jump occurs at the expectation value of the position operator in the maximal localization states, the so-called quasiposition defined in [10] . Consequently, the boundary conditions must be defined at x quasiposition.
The more appropriate representation in quasiposition space to be used is one proposed by P. Pedram [15] 
wherex o andp o are ordinary operators of position and momentum satisfying the canonical commutation relation [x o ,p o ] = i . Consequently, to first-order in β parameter, we have
where |x M L are state vectors of maximal localization [10] which satisfy
and
x M L |x M L = 1.
The time-independent Schroedinger equation for a non-relativistic particle of mass m up to O(β) in this quasiposition space representation becomes
The infinite square-well potential is one of the problems most often studied in quantum mechanics. It already shows up in introductory textbooks of quantum physics due to its simplicity and its numerous applications. In a minimal-length scenario the study of an infinite square-well requires some special care since many mathematically possible solutions can be found 2 and the boundary conditions to be imposed on the wave function of the particle and its derivatives at the walls of the infinite square-well are not clearly fixed. Some authors have bypassed that problem neglecting the hyperbolic solutions by stating that they are not physical solutions since they would not satisfy the boundary conditions at the walls of the infinite square-well [16, 17, 18] . But, as it is well-known, the boundary conditions must be satisfied by the general solution, that is, the linear combination of the possible linearly independent solutions. Thus, for only requiring the continuity of the wave function at the walls of the infinite square-well is not possible to find the solution.
In principle, the continuity or not of the derivatives of the wave function in the wall of a square-well localized at x = a could be obtianed by integrating Eq. (10) between −ǫ and ǫ (with ǫ arbitrarily small and positive), and then taking the limit ǫ → 0. Thus 3 ,
where ϕ II (x) and ϕ III (x) are the solutions of Eq. (10) for x < a and x > a, respectively. If V (x) has a finite jump at x = a then the fourth derivative of ϕ(x) at x = a has a finite discontinuity (that is to say, a jump by a finite amount), so we require that the third, second and first derivatives are continuous at x = a. However, if V (x) has an infinite jump at x = a then the third and/or first derivative of ϕ(x) has a discontinuity at x = a. Hence, we have an ignorance of the behavior of the first derivative at x = a. Therefore, for assuming the discontinuity of the first derivative can be a mistaken assumption which will lead to incorrect results. A way to get around this problem is to solve the finite square-well potential, whose the boundary conditions are well fixed, and then to take the limit of the potential going to infinity 4 . This way we can check the results have been found in the literature [16, 17, 18, 19] . With this goal in mind, we solve a symmetric finite square-well in a minimal-length scenario in Section 2 (in fact, the calculations can be found in the Appendix) and, in Section 3, we take the limit of the potential going to infinity in order to find the solution for an infinite square-well in that scenario. As we will see, the result for the eigenfunctions found is in disagreement with ones of the literature whereas the first correction for the energy eigenvalues is the same.
Finite square-well potential
We will consider that the potential V (x) of Eq. (10) be given by
where V 0 is a real and positive constant. We concern with the case E < V 0 since there are only bound states in the infinite square-well. Consequently, the general solution of Eq. (10) is given by 5
where 6
The application of the boundary conditions,
leads to a system of equations whose 8 unknowns are the coefficients of Eq. (13) . The calculation can be simplified if we note that the potential (12) is even, that is, V (−x) = V (x). This way we have even solutions for which ϕ(−x) = ϕ(x), and odd solutions for which ϕ(−x) = −ϕ(x).
Even solutions
In this case,
where (see Appendix A)
Furthermore, we also obtain the energy equation:
In the limit when β goes to zero (β → 0) the solutions Eq. (22) and the energy equation (26) become the even solutions and the energy equation, respectively, for the finite square-well potential in ordinary quantum mechanics, as we expected.
Odd solutions
where
Again, in the limit when β goes to zero (β → 0) the solutions Eq. (27) and the energy equation (31) become the odd solutions and the energy equation, respectively, for the finite square-well potential in ordinary quantum mechanics, as we also expected.
Infinite square-well potential
As previously mentioned, the energy eigenfunctions and the energy equation of the infinite square-well can be obtained from the finite square-well taking the limit V 0 → ∞. In this limit A 3 e −k β 1 |x| = 0, C 3 e −k − β |x| = 0, and
Therefore, the even solutions, that is, the even eigenfunctions of the infinite square-well are given by
and, the eigenenergies of the even eingstates are given by the equation
Whereas the coefficients of the odd solutions become A 3 = 0, C 3 = 0 and
Therefore, the odd solutions, that is, the odd eigenfunctions of the infinite square-well are given by
and, the eigenenergies of the odd eigenstates are given by the equation,
It is easy to see that in the limit β → 0 we recover the results known for infinite square-well potential in ordinary quantum mechanics 7 .
It is important to point out that now the first derivative at x = ± a 2 is no longer discontinuous. In contrast what occurs in the ordinary quantum mechanics, in which the continuity of the solutions at x = ± a 2 are obtained by using the energy equation, in a minimal-length scenario the solutions are continuous at x = ± a 2 without need to use the energy equation, which is required for continuity of the first derivative.
The previous results are in disagreement with ones of the literature [16, 17, 18, 19] , in which have been found no change in the eigenfunctions up to the first order in β. This is because those authors have presumed the discontinuity of the first derivative of the solutions (eigenfunctions) at the walls of the infinite square-well as for ordinary quantum mechanics.
The continuity of the first derivative does not really come as a surprise since similar outcome has been found in the study of a Dirac δ-function potential in a minimal-length scenario [26] . Apparently, if corrections of O (β 2 ) are taken account third derivative of the wave function becomes continuous, too.
It is important to stress that the energy spectrum is discrete since the eigenvalues of energy are given by points of intersection of the tangent (cotangent) and hyperbolic tangent (hyperbolic cotangent) functions.
In order to find the correction to first-order in β of the energy eigenvalues, we write E = E 0 + βǫ, where E 0 = π 2 2 n 2 2ma 2 , n = 1, 2, 3, . . . , and put it in Eqs. (34) and (37). After some algebra we obtain 8 
Conclusion
In this work we solve, in a minimal-length scenario, the problem of a finite square-well potential in 1-dim, whose boundary conditions are well fixed. We then take the limit of the potential going to infinity in order to determine the solutions for an infinite squarewell potential. In contrast to what has been found in the literature, the eigenfunctions of a particle within an infinite square-well in a minimal-length scenario are not the same as those in ordinary quantum mechanics and it is not necessary to use the energy equation to ensure the continuity of the eigenfunctions at the walls of the well, but the use them ensures the continuity of the first derivatives of the eigenfunctions at the walls.
Finally, in order to solve an infinite square-well potential in a minimal-length scenario we must require the continuity of the wave function and its first derivative, that is, they vanish at the walls of the infinite square-well. Therefore, there are four coefficients to determine and four equations obtained from the boundary conditions. However, three of the equations allow to find three coefficients as function of a fourth coefficient (which is determined by the normalization condition) while the fourth equation allows to find the energy equation.
Appendix

A Solution of the System of Linear Equations
Making use that the potential is even and imposing the boundary conditions
for n = 0, 1, 2, 3, we obtain the system of equations (A1-A4), 
In order to find the coefficient C 2 as a function of A 2 we multiply Eq. (A.5) by k β 1 and subtract from result Eq. (A.6). Hence,
Now, using the result (A.7) into (A.5) we obtain the coeffcient A 3 as a function of A 2 , 
The use of the rsults (A.7), (A.8) and (A.9) does not allow us to determine the coefficient A 2 unically. Instead of this, we obtain an equation which allows the energy of the system only takes on certain values,
As it is well-known, the coefficient A 2 can be determined unically by the normalization condition, however its determination is laborious and not important for the goals of this work.
Just as we expect, in the limit when β goes to zero (β → 0) the solution (22) which are the even solutions and the energy equation for the finite square-well potential in the ordinary case β = 0. The odd solutions can be obtained in the similar way.
